Oceanisphaera profunda sp. nov., a marine bacterium isolated from deep-sea sediment, and emended description of the genus Oceanisphaera A Gram-stain-negative, aerobic, oxidase-and catalase-positive, flagellated, rod-shaped bacterial strain, designated SM1222 T , was isolated from the deep-sea sediment of the South China Sea.
C 12 : 0 and summed feature 2 (C 14 : 0 3-OH and/or iso-C 16 : 1 I) as the major fatty acids and ubiquinone Q-8 as the predominant respiratory quinone. The major polar lipids were phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol. The genomic DNA G+C content of strain SM1222 T was 51.5 mol%. On the basis of the evidence presented in this study, strain SM1222 T represents a novel species of the genus Oceanisphaera, for which the name Oceanisphaera profunda sp. nov. is proposed. The type strain of Oceanisphaera profunda is SM1222 T (5CCTCC AB 2013241
). An emended description of the genus Oceanisphaera Romanenko et al. 2003 emend. Choi et al. 2011 is also proposed.
The genus Oceanisphaera in the class Gammaproteobacteria was originally proposed by Romanenko et al. (2003) with the description of a single species, Oceanisphaera litoralis. Thereafter, three species have been added to the genus, Oceanisphaera donghaensis (Park et al., 2006) , Oceanisphaera ostreae (Choi et al., 2011) and Oceanisphaera sediminis (Shin et al., 2012) . All these species have been isolated from various marine sediment or seawater environments. The present study reports the polyphasic taxonomic characterization of a bacterium resembling members of the genus Oceanisphaera, strain SM1222 T , which was isolated from the deep-sea sediment of the South China Sea, and the proposal to classify it as the representative of a novel species of the genus Oceanisphaera.
Marine sediment sample was collected from the South China Sea (18 u 09 N 113 u 09 E) at a water depth of 2022 m using a grab sampler during the South China Sea Open Cruise of the R/V Dong Fang Hong 2 in September 2011. Strain SM1222 T was isolated from the sediment sample using the dilution plating technique at 15 u C on TYS agar [0.5 % tryptone (Oxoid), 0.1 % yeast extract (Oxoid), 1.5 % agar and artificial seawater]. The artificial seawater was prepared with Sigma sea salt (3 %, w/v). The isolated strain SM1222
T was routinely cultivated on TYS agar or in TYS broth (0.5 % tryptone, 0.1 % yeast extract and artificial sea water) at 20 u C and stored at 280 u C in TYS broth supplemented with 20 % (v/v) glycerol by volume. Oceanisphaera ostreae KCTC 23422 T , used as a reference strain in tests for polar lipids, fatty acids and some phenotypic characteristics, was obtained from the Korean Collection for Type Cultures (KCTC) and routinely cultivated on TYS agar or in TYS broth at 20 u C.
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The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain SM1222
T is KF591598.
Two supplementary figures are available with the online version of this paper.
Genomic DNA was extracted and purified using a commercial kit (BioTeck). The 16S rRNA gene was amplified from the genomic DNA by PCR using the 27F and 1492R primers (Lane, 1991) . The PCR products were purified and ligated into pMD 18-T vector (TaKaRa) and further sequenced using an automated DNA sequencer (model 3730, Applied Biosystems). The obtained 16S rRNA gene sequence was aligned with sequences for related taxa from GenBank using MEGA version 5 (Tamura et al., 2011) . Phylogenetic trees were reconstructed with the same software by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods with bootstrap analyses based on 1000 replications (Felsenstein, 1985) .
The almost complete 16S rRNA gene sequence of strain SM1222 T (1504 bp) was determined. Sequence comparison revealed that the strain was most closely related to the members of the genus Oceanisphaera, sharing the highest 16S rRNA gene sequence similarity with the type strain of Oceanisphaera ostreae (96.8 %), followed by those of Oceanisphaera sediminis (96.6 %), Oceanisphaera donghaensis (96.4 %) and Oceanisphaera litoralis (95.4 %). The strain also exhibited relatively high sequence similarities (93.2-95.2 %) with species in the genera Oceanimonas and Zobellella but low sequence similarities (,93 %) with other known species in the class Gammaproteobacteria. In the phylogenetic tree based on 16S rRNA gene sequences ( Fig. 1) , strain SM1222 T clustered with members of the genus Oceanisphaera and formed a sub-branch with Oceanisphaera ostreae supported by high bootstrap values (.75 %).
Cellular fatty acids of strain SM1222
T and the reference strain Oceanisphaera ostreae KCTC 23422 T were extracted following the instructions of the Sherlock Microbial Identification System and analysed using gas chromatography (model 6890N, Agilent Technologies) with the Sherlock Microbial Identification software (version 4.5, database TSBA40 4.10). For the analysis, the two strains were both grown in TYS broth at 25 u C for 24 h and 48 h. Polar lipids were extracted as described by Komagata & Suzuki (1987) and analysed using two-dimensional TLC followed by spraying with appropriate reagents including: ethanolic molybdophosphoric acid (total lipids), ninhydrin (aminolipids), a-naphthol (glycolipids) and Zinzadze reagent (phospholipids). Quinones were extracted as described by Komagata & Suzuki (1987) and further identified by applying an Agilent 6320 Ion Trap LC-MS system (Agilent Technologies). Genomic DNA G+C content was determined using the thermal denaturation T , other species of the genus Oceanisphaera and representatives of some other related genera. The tree was reconstructed using the neighbour-joining, maximum-parsimony and maximum-likelihood methods. Bootstrap values (.70 %) based on 1000 replicates are indicated at nodes (neighbour-joining/maximum-parsimony/maximum-likelihood, respectively). Bar, 0.01 substitutions per nucleotide position.
temperature method (Marmur & Doty, 1962 ) with a DU800 spectrophotometer (Beckman) and genomic DNA extracted according to the method of Marmur (1961) .
The genomic DNA G+C content of strain SM1222 T was 51.5 mol%, lower than those reported for type strains of other species of the genus Oceanisphaera (56.4-58.5 %). Cellular fatty acids of strain SM1222
T predominantly contained (.5 %) summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH) (41.8 % and 41.2 %, for cells incubated for 24 and 48 h, respectively), C 18 : 1 v7c (20.9 % and 18.8 %), C 16 : 0 (19.6 % and 18.5 %), C 12 : 0 (7.0 % and 8.1 %) and summed feature 2 (C 14 : 0 3-OH and/or iso-C 16 : 1 I) (6.7 % and 9.4 %), showing a profile similar to that of Oceanisphaera ostreae KCTC 23422 T ( Table 1 ). The major polar lipids of strain SM1222
T were phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol (see Fig.  S1 available with the online Supplementary Material), which were typical of members of the genus Oceanisphaera (Romanenko et al., 2003; Choi et al., 2011; Shin et al., 2012) . The predominant respiratory quinone of strain SM1222
T was ubiquinone Q-8, in accordance with results for other species of the genus Oceanisphaera.
Cellular morphology and flagella production were observed using atomic force microscopy (Multimode Nanoscope VIII, Bruker AXS). Cells for these observations were cultivated on TYS agar at 20 u C for 5 days. Cells were then collected and suspended in distilled water. A drop of sample was deposited onto freshly cleaved mica and airdried. Imaging was carried out in ScanAsyst mode in air. Gram-staining was performed following Hucker's method (Murray et al., 1994) . Growth at different temperatures (4, 8, 10, 15, 20, 25, 30, 35, 37 and 40 u C) and pH values [4.0-11.0 at 0.5 pH unit intervals, buffered with MES (pH 4.0-6.0), MOPS (pH 6.5-7.0), Tris (pH 7.5-8.5), CHES (pH 9.0-10.0) and CAPS (pH 10.5-11.0) (all 50 mM)] was measured in TYS broth. Growth with 0-5 % (in 0.5 % increments, w/v) and 6-12 % (in 1 % increments, w/v) NaCl was investigated in TYS broth except that artificial seawater was replaced with distilled water supplemented with appropriate amounts of NaCl. Anaerobic growth of the strain was checked in TYS broth supplemented with 0.1 % (w/v) potassium nitrate, 0.05 % (w/v) cysteine hydrochloride and 0.05 % (w/v) sodium sulfide in Hungate tubes.
Catalase activity was assessed by bubble production in 3 % (v/v) H 2 O 2 solution. Oxidase activity was examined using commercial oxidase test strips (Merck). DNA hydrolysis was tested on DNase test agar (Oxoid). Hydrolysis of starch was determined according to the method described by Smibert & Krieg (1994 (Shieh et al., 2004) . Carbohydrate compounds used included D-fructose, Dglucose, D-galactose, D-mannose, D-mannitol, L-arabinose, L-rhamnose, cellobiose, citrate, glycerol, lactose, maltose, pyruvate, sucrose, trehalose and xylose. Susceptibility to antibiotics was tested using the disc-diffusion method on TYS agar with the following antibiotic discs (Oxoid): penicillin G (10 U), Polymyxin B (300 U), ampicillin (10 mg), chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), tetracycline (30 mg), streptomycin (10 mg), neomycin (30 mg), vancomycin (30 mg) and novobiocin (5 mg) (all concentrations are per disc). Other enzyme activities and biochemical characteristics were examined by using API ZYM and API 20NE strips (bioMérieux) following the manufacturer's instructions except that cells used to inoculate API strips were suspended in artificial seawater.
Cells of strain SM1222
T were Gram-stain-negative, polarly flagellated rods (Fig. S2) . Growth under anaerobic conditions was not observed. Other morphological, physiological and biochemical characteristics of strain SM1222
T are given in the species description. Characteristics differentiating strain SM1222
T from type strains of other species of the genus Oceanisphaera with validly published names, including temperature and NaCl concentration ranges for growth, nitrate reduction, urea hydrolysis, citrate utilization, acid phosphatase activity, susceptibility to penicillin G and genomic DNA G+C content, are listed in Table 2 . In sum, phylogenetic analysis of 16S rRNA gene sequences and chemotaxonomic and phenotypic characterizations indicate that strain SM1222
T should be assigned to the genus Oceanisphaera as the type strain of a novel species, for which the name Oceanisphaera profunda sp. nov. is proposed. The description is as given by Romanenko et al. 2003 and Choi et al. 2011 with the following amendment. The DNA G+C content is 51.5-58.5 mol%.
Description of Oceanisphaera profunda sp. nov.
Oceanisphaera profunda (pro.fun9da. L. fem. adj. profunda from the deep).
Cells are Gram-stain-negative, aerobic, oxidase-and catalasepositive rods (1.5-2.2 mm in length and 1.0-1.3 mm in width). Cells are motile with a single polar flagellum. Colonies are circular (1.0-2.0 mm in diameter), convex, smooth and slightly greyish yellow after incubation for 3-5 days at 20 u C on TYS agar. Grows at 4-35 u C (optimum at 25-30 u C), in 0.5-8 % NaCl (w/v, optimum at 2-3 %) and at pH 5.5-10.5 (optimum at pH 7.5-8.0 With API ZYM strips, activities of alkaline phosphatase (weak), esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase (weak), acid phosphatase and naphthol-AS-BI-phosphohydrolase are detected, but activities of lipase (C14), cystine arylamidase, a-chymotrypsin, trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, aglucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, amannosidase and b-fucosidase are not detected. The type strain is susceptible to chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), neomycin (30 mg), penicillin G (10 U), polymyxin B (300 U), streptomycin (10 mg) and tetracycline (30 mg), but resistant to ampicillin (10 mg), novobiocin (5 mg) and vancomycin (30 mg). The major respiratory quinone is Q-8. The major fatty acids are summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), C 18 : 1 v7c, C 16 : 0 , C 12 : 0 and summed feature 2 (C 14 : 0 3-OH and/or iso-C 16 : 1 I).
The type strain is SM1222 T (5CCTCC AB 2013241 T 5KCTC 32510 T ), isolated from the deep-sea sediment of the South China Sea. The DNA G+C content of the type strain is 51.5 mol%. Oceanisphaera profunda sp. nov.
